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The deposits of tungsten in Northeast Brazil are located 
in central and western Rio Grande do Norte, northern Paraiba, 
and eastern Ceara. The number of scheelite-bearing deposits 
and occurrences is in the range of 250-300. Since detailed 
reconnaissance studies including estimation of grade and 
magnitude of scheelite mineralization of individual deposits 
are not available for the whole district, 85 deposits were 
selected to best represent the mineral reserves of the area. 
These reserves total about 97.8 million pounds of tungsten 
recoverable from 9.2 million metric tons of ore, referred to 
material that was inventoried in terms of commercial enter­
prise, with basis on technologic conditions prevailing in the 
area.
The scheelite district is a region of strongly folded 
metamorphic metasediments and extensive granitization. The 
age of the first phase of metamorphism and folding was dated, 
by the U/Pb and K/Ar methods, at about 900 m.y. The sub­
sequent phase, with a general introduction of K, was dated 
at about 500 m.y. The scheelite mineralization is corre­
lated with this second phase, and is concentrated in calc- 
silicatic rocks (tactite, skarns).
For the purpose of financial analysis, these deposits 
were classified into four production category types:
iii
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(1) a 200-or more ton-per-day mine-mill complex; (2) a 100- 
to 150-ton-per-day mine-mill complex; (3) a 25-to 50-ton-per- 
day mine-mill complex; and (4) a "garimpeiro" mine-concentra- 
tion operation. Each type was analyzed on the basis of 
bibliographic data already existent and/or on systematic 
estimates of costs in the area.
Three prices were projected for the Brazilian output 
for the next five years: high 55$/stu, medium 45$/stu, and
low 35$/stu. Europe is the considered market, and the 
prices are quoted in the London Metal Bulletin. The supply- 
demand study revealed that, in diminishing order of import­
ance, the best markets for future production are: United
Kingdom, West Germany, Japan, Austria, France, Belgium- 
Luxembourg, and Sweden.
The world reserves of tungsten are reported by the U.S. 
Geological Survey to be about 2,800 million pounds of metal. 
Based on U.S. Bureau of Mines forecasts, the total world 
maximum cumulative demand for tungsten from 1968 to 2000 
exceeds the world reserves. There is a hope that stabiliza­
tion and an increase in price will stimulate new discoveries, 
particularly from Australia, Canada, and South America.
The feasibility limit, by using the medium price of $45, 
is in the range of 0.30 to 2.55 percent of WO^ in the ore.
By analyzing the sensitivity variation of price, it was con­




A supply curve was developed for these 85 deposits, 
which shows the quantity of tungsten up to about 97.8 mil­
lion pounds of metal, available at calculated price levels 
ranging from about $31.50 to $59.50 per short ton unit. 
About 11 million pounds are available at a calculated price 
less than the low price projection ($35). About 49 million 
pounds are available at a calculated price less than the 
medium price projection ($45). About 88 million pounds are 
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I - INTRODUCTION
The major deposits of tungsten in Northeast Brazil are 
related to scheelite-bearing deposits. The Ministry of Mines 
and Energy of the Government of Brazil has started an examin­
ation of these deposits since 1969 and made the exploration 
of Brejul mine, the biggest mine in the region, by an agree­
ment program to help the private companies in that area.
Most of the data used in this thesis comes from that source.
Since detailed reconnaissance studies, including estima­
tion of grade and magnitude of scheelite mineralization of 
individual deposits, are continuing, definite interpretations 
regarding geology and ore reserves must be deferred until 
more complete data are available. Nevertheless, certain 
significant conclusions can now be made, based on bibliographic 
estimates and on consequent computations, which have import­
ance with respect to evaluation of the area.
The purposes of this study are: (1) to analyze the costs
obtained and to make some conclusions about the cut-off grade 
and evaluation of these deposits for further exploration and 
development programs; (2) to examine the marketing conditions 
for the scheelite production; and (3) to determine the amount 
of tungsten available from Brazilian resources at various 
calculated price levels (the supply curve).
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The study was conducted in four phases. The first phase, 
chapter III, corresponds to the general description of the 
geology and ar subsequent classification of the tungsten 
deposits with similar production - process and geology char­
acteristics. The system description for four type categories 
resulted.
The second phase, chapter IV, consists of an examination 
of existing information about cost producing and investment 
for each type, and additional complementary computations tq 
determine the estimated costs. Some data came from reports 
prepared under the auspices of the Ministry of Mines and 
Energy of the Government of Brazil and the Agency for 
International Development, U.S. Department of State, by Mr.
R. H. Nagell, R. W. Merwin, and R. N. Spencer.
The third phase, chapter V, is a study of the marketing 
conditions for Brazilian output. A study of the price pat­
tern during the past 15 years was made and projected for the 
future. A world supply-demand profile was prepared and the 
relative importance of Brazilian production was revealed.
The principal net import countries were also established. A 
comparison of the world reserves and the demand forecasts 
were made. The Brazilian reserves are determined for 85 
deposits and compared with the rest of the world reserves.
The fourth and last phase, chapter VI, is a financial 
analysis of these deposits. Revenues were estimated at 
various grades and at three projected prices for each
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operation type. The comparison of costs from each class 
with the estimated revenue determined the cut-off grades and 
feasibility limits at different prices. The calculated price 
required to provide a 20-percent rate of return was computed 
for each type of operation. The classification of the 
resources at one of these calculated prices (selling prices) 
permitted the construction of the supply curve.
Additional resources are recognized but are not con­
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The scheelite district is in central and western Rio 
Grande do Norte, northern Paralba and eastern Ceara (Fig. 1). 
Deposits extend for 300 Km in an east-west direction and for 
150 Km from north to south. More than 250 deposits of 
scheelite (CaWO^) are known in Northeast Brazil. The usual 
product of mining and beneficiating scheelite ore is market- 
grade concentrates averaging approximately 70 percent tung­
sten trioxide (WO^); [Tungsten trioxide (WO^) contains 79.3 
percent tungsten (W)].
The region is semi-arid with a rainfall of 6 to 14 inches 
per year during the months of January to June. Natural vege- 
tatioii consists of sparse to dense low scrub which includes 
several varieties of cactus. Cotton and cattle raising are 
the principal agricultural activities. Few water wells are 
in evidence; the Precambrian rocks provide only a small yield. 
Water is contained in numerous small "acudes" or artificial 
reservoirs. All streams are intermittent with flowing water 
only for a few weeks during the rainy season.
A. Geology
Strongly folded and metamorphic metasediments of the 
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FIG. I -  THE LOCATION OF SCHEELITE DISTRICT, BRAZIL
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biggest producers of scheelite, tantalite and beryl in the 
Northeast of Brazil. The tectonic setting., is surprisingly 
simple for an area of strong Precambrian metamorphism 
(almandine - staurolite - subfacies of the amphibolite 
facies): simple anticlines and synclines with vertical
axial planes. The general fold axes show a north north­
eastern - south southwestern trend. Scheelite deposits are 
distributed as a series of deposits parallel to the regional 
structural trends. Most of the deposits are aligned along 
outcrops of tactite formed in metalimestone beds and a few 
are in fracture zones in Precambrian schist and granite.
The scheelite district is also a region of extensive 
granitic intrusives as are most of the world’s tungsten- 
producing districts. The age of these intrusives has been 
established by U/Pb and K/Ar age dating. The migmatites, 
granodiorites, granites and pegmatites range in age from 460 
to 560 m.y. Some of the rocks are considerably older; a 
granodioritic gneiss proves to be 685 m.y. old, a hypersthene- 
diorite is 840 m.y., and a meta-arkose is 890 m.y. The 
last two values are considered here as those of the syntec- 
tonic magmatism and of the regional metamorphism, respec­
tively, whereas the values of 685 m.y. may represent a 
"mixed age." There seem to be two major phases in the evo­
lution of the metamorphism and folding, the first at ±900 
m.y., and a subsequent, mostly statical phase with a general 
flooding of K from the depth, at 1500 m.y. The last,
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moreover, dominates all the eastern parts of Brazil and the 
corresponding parts of the adjacent African Continent. The 
host rock, tactite-skarn, was" formed during the first phase 
of metamorphism, when the elements Si, Fe, Al, Mn, and Mg 
reacted with limestone to form tactite. The metallic ele­
ments expelled during the hydrothermal phase of the last 
granitization, reacted with the calc-silicate rocks to form 
the scheelite. That is why scheelite is most commonly found 
where the tactites are folded and faulted. It seems prob­
able that faults existed prior to emplacement of the scheel­
ite and that the faults acted as conduits for ascending ore 
solutions.
B. Classification of Deposits
Although there are 15 known tungsten-bearing minerals, the 
economic mineralization in Northeast Brazil is restricted to 
scheelite. The following is the major mineral paragenetic 
sequence: garnet, epidote, scheelite, molybdenite, chalcopyrite, 
pyrite, and calcite. In the opinion of the writer these min­
erals resulted from the hydrothermal phase of the crystalliza­
tion of a late granitic rock. The host rock may be a pegmatite 
or a quartz vein; normally, however, it is a calc-silicate 
rock, sometimes affected only by regional metamorphism (para- 
amphibolite), more frequently, however, also by a younger- 
statical metamorphism in pyroxene-hornfels-facies (diopside, 
vesuviani'te, grossularite, and skapolite). The skarn
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constitutes the principal ore in the region. The lime­
stones which have not been converted to skarn are not miner­
alized .
Available assay data indicate that the Brejui ores contain 
0.14 percent Mo largely in the form of molybdenite. Preliminary 
calculations indicate that this could be recovered profitably 
by flotation and a cleaner scheelite concentrate would also 
result. There is no production of molybdenite in these 
deposits at this time.
Tactite, or skarn, forms layers at contacts of meta­
limestones with gneiss or schist. Most of the tactite layers 
are about 1 meter thick, but they locally reach as much as 
10 meters in 'thickness. The composition of the tactite 
varies considerably from predominantly garnet to predomin­
antly epidote. Vesuvianite, diopside, and quartz are also 
constituents and in places, are the predominant minerals.
Other minerals commonly present are calcite, fluorite, 
wollastonite, grossularite, zoisite, sulfide minerals, and 
feldspar. Textures in the tactite range from fine to very 
coarse grained. Most tactites are composed of crystals 
about 2 mm in diameter, but crystals 3 or 4 cm in length are 
not uncommon. Most tactite exhibits no internal structure 
or layering, but in places darker and lighter layers are 
found parallel to the bedding of the host rocks.
Scheelite is dispersed in the tactite in grains ranging 
from a fraction of a millimeter to masses several centimeters
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in diameter. Most commonly, the scheelite grains are about 
1 mm in diameter. In places, the scheelite Is distributed 
uniformly through the tactite but it generally forms local 
concentrations within the tactite. The amount of scheelite 
contained in the tactite ranges from none to a maximum of 
15 percent but the average grade of ore is about 1 per­
cent .
The general configuration of a typical scheelite-bearing 
ore block in the northeast province is that of a thin len­
ticular prism usually having a mineable thickness of from a 
half to two meters at its center. The edge of the body 
generally "lenses out" horizontally and vertically to less 
than 20-30 cm (often to nothing) within 50 to 200 meters. 
There are exceptions, but only a few cases-representing the 
important producing mines of the region.
For the purpose of financial analysis of these deposits, 
four types of classification of resources by production 
categories were assumed. Each type could be best exploited 
by one of the following classes of operation: (1) a 200 -
or more ton-per-day mine-mill complex, (2) a 100- to 150-ton- 
per-day mine-mill complex, (3) a 25- to 50-ton-per-day mine- 
mill complex, and (4) "Garimpeiro" mine-concentration opera­
tion.
C. System Description
Each of the 85 deposits selected in chapter V was placed
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In one of the four types of operation, that is, It was placed 
in the most appropriate production category for the actual 
conditions in.Northeast Brazil. A tentative approach to cost 
of each of the four categories was made in chapter IV by a 
detailed cost study and by bibliography data already avail­
able, as if each were an individual operation.
Type - I —  The biggest producing mine (Brejul) of the region 
characterizes the deposit. The ore corresponds to irregular 
lens of skarns in a limestone bed between Precambrian gneiss. 
There are five-bed layers of skarns which show the form of 
lenses. These are generally localized in the contact zone 
between limestones and gneisses, but there are some lenses 
inside the limestone bed and others inside the gneiss. The 
ore bodies are not continuous; they are thick in the middle 
and taper off at the ends in the same stratigraphical hori­
zon, in concordance with the wall rocks. The ore bodies 
change in thickness from 0 m to 10 m, and in length from 
100 m to 50 m. The scheelite occurs disseminated in the 
skarns.
The Type-1 deposit should have sufficient reserves for 
mining and milling 200 tons or more of ore per day. The 
Brejui mine upgrades 300 tons of ore per day by a gravity- 
concentration-conventional system. The ore grade averages 
0.70 percent WO^. Recovery in the mill averages 80 percent, 
but the market product is a good concentrate averaging 70
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percent WO^.
The mine extends horizontally 950 m, and ore is found 
over a vertical range of about 120 m. Underground ore is 
mined by a combination of open-stope, supported by stulls or 
pillars, and by the shrinkage-stope method. Most of the 
underground levels are entered by adits and are connected 
by inclined shafts. The mine is developed by drifts and 
crosscuts. Raises are driven just large enough for chute- 
and-manway installations, following the irregular distribu­
tion of the ore. Drilling is done with jacklegs, and under­
ground haulage is by hand tramming. Loaded cars are hoisted 
to the surface and dumped at the coarse ore bin. From there, 
the ore is hauled by 7-ton trucks to the mill site. A small 
fraction of the output comes from ore broken in the limestone 
pit. The ore and waste are loaded separately by a rubber- 
tired front-end loader. The fractures in the limestone are 
filled with scheelite-clay secondary material (the open pit 
ore).
The mill is a gravity-concentration-conventional system. 
Most of the scheelite is recovered by jigs at the beginning 
of the process. The pyrite existent in the coarse concentrate 
is roasted and the scheelite is recovered by magnetic separa­
tion. The fine ore is conveyed to the shaking tables where 
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FIG. 2 - FLOWSHEET FOR 300 tpd MILL
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If the mill operates on three shifts per day for 300 
days per year, the annual output will average (300 days x 
200 tpd), 60,000 tons of ore milled. If we select 10 years 
for the minimum production life, the required reserves for 
Type-I deposit should be at least 600,000 tons of ore. The 
cut-off grade for this deposit will be determined in chapter 
VI.
Type - II —  corresponds to an underground tungsten mining 
operation with a mill-tonnage rate of 100 to 150 tons per 
day. The medium mines of the region characterize this 
deposit. The reopenings of old mines also constitute ex­
amples of the Type-II deposit. The deposit is still clas­
sified as a skarn - scheelite-bearing deposit. The Barra 
Verde mine, which corresponds to the continuation of Brejul 
Mine ore, has the same characteristics of the Type-I deposit 
except for smaller ore reserves and deeper•working levels 
(it is a mine reopened by Mineracao Aeauan in late 1969).
The mining and milling operations are similar to those 
described for Type-I, but on a smaller scale. One shaft 
provides access to underground workings and the other shaft 
is used for ventilation purposes. The mine is developed by 
drifts driven from the shaft at 25 meter intervals and by 
raises interconnecting the levels. The present levels of 
mining activity start at 100 m depth. There is no necessity 
for timbering the tunnels, except when they cross faulted
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areas. The mining methods are still a combination of shrink­
age stope and open stope, with pillars or stulls to support 
the ceiling.
The drilling is done with jacklegs and the ore is hand 
trammed in the level up to the shaft. Loaded cars are cage 
hoisted to the surface and then dumped into 7-ton trucks.
The truck haulage is about 1,000 meters to the coarse ore 
bin.
The mill flowsheet is similar to that of the Type-I 
mill (Pig. 2), but on a smaller scale. Neither flotation for 
sulfide nor leaching plants are used. The technology is 
limited to a gravity-concentration system. The milling 
recovery is considered to be 80 percent and the scheelite 
concentrate should average 70 percent WO^.
If the mill operates on three shifts per day for 300 
days per year, the annual mine output will average (300 
days x 100 tpd), 30,000 tons of ore milled. The Mineracao 
Acauan Project report set up 60 months for the life of the 
operation. If we consider 5 years for the minimum produc­
tion life period, the required reserves for Type-II deposit 
should be at least 150,000 tons of ore. The cut-off grade 
for this deposit will be determined in chapter VI.
Type - III —  High-grade small skarns and tungsten-bearing 
quartz veins characterize the deposits. The narrow, but 
high-grade ore shoots are capable of producing 25 to 50 tons
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per day, and present a good profitability outlook. The 
average productivity is estimated by Wendel (1970, Prelimin­
ary Conclusions on Economic Potential of Tungsten Deposits 
of RN-Pb: Unpublished memorandum of the Ministry of Mines
and Energy of the Government of Brazil) as 1/3 ton per man 
shift. Cafuca and Bodo mines are examples of such activity. 
The Bodo mine is mining one ore body that occurs in tactites 
along the contact of granite and limestones. Milling of old 
rejects from earlier operations continues to supplement the 
small tonnage of crude ore. The Cafuca mine has a 6- or 7- 
year reserve of probable ore at present production rate of 
25 tons per day and should be able to develop additional ore 
reserves down the flange of three small ore shoots if the 
market price remains favorable. The average range of grades 
in the ore is from 1 to 2 percent WO^. Most of these 
deposits are developed by inclined or vertical shafts and 
some may be developed by adits.
The mine selected for the purpose of analysis is 
entered by a horizontal adit. It is developed by drifts 
following the ore and crosscuts on the same level. The ver­
tical development is done by incline shafts following the 
ore. Ore is mined mostly by the shrinkage-stope method and 
in some places by open-stope method. The intervals between 
the levels are about 15 m, and the ore is found over a ver­
tical range of about 60 m. The ore bodies dip from 40 to 50 
degrees. -Overall strike length of mineralization is
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approximately 240 m. Average width of the ore body Is 
relatively narrow (about 1 meter).
Underground haulage Is by hand tramming on the levels 
and the loaded cars are hoisted In the Inclines. Prom the 
mine to the mill site, the ore Is hauled by trucks. The 
mill site Is about 500 meters from the mine.
Fig. 3 Is the flowsheet for the 50-tpd mill. Ore is 
hauled by truck from the mine to a coarse ore bin. -Prom 
there it is conveyed by.apron feeder to a grizzly to remove 
the fines from the jaw crusher feed and thereby increase 
crushing capacity. The crushed product and the grizzly 
undersize are combined to a vibrating screen which limits 
the maximum size going to the gravity circuit. The vibrat­
ing screen oversize is reduced in crushing rolls and the 
discharge is returned to the vibrating screen. The screen 
undersize goes to the selective mineral jig. The product 
from the jig passes over a cleaner jig producing a high 
grade tungsten concentrate. The fines from the cleaner jig 
are removed in a dewatering classifier and the sand product 
passes to a Rod Mill and is then re-jigged. The rougher 
selective mineral jig tailings, and the classifier over-flow, 
pass to a hydraulic classifier which prepares a sized feed 
for tabling and slime concentration. The concentrating 
tables produce a high-grade concentrate, a middling product 
which is returned to the classifier, and a final tailing.








































which is concentrated by a tilting concentrator.
For a 25- to 50-ton-per-day mine-mill complex, three 
years is the minimum life period necessary for a profitable 
operation. Larson and others (1971, p. 14) used this same 
life period for a 50-tpd mine-mill complex. If the mill 
operates on two shifts per day for 300 days per year, the 
annual output will average (300 days x 50 tpd), 15,000 tons 
of ore milled. The minimum required reserves for a Type-III 
deposit should be (15,000 tons x 3 yr), 45,000 tons of ore.
The cut-off grade for this deposit will be determined later.
Type - IV -—  These deposits are mined by primitive methods. 
They are mined by "garimpeiros,” prospectors working in small 
groups and with little or no technical training or super­
vision. The ore is extracted from inclined shafts or from 
trenches about 3 meters wide. They dig irregular shaped 
pits 4- to 5 m long along the strike of the tactite ore 
layer. The "garimpeiros" are equipped with a pick and shovel. 
They do not have access to dynamite. Concentrating the 
scheelite is done by crushing with a sledge hammer, hand 
screening, hand jigging and washing in a sluice box. The 
sluice box consists of an inclined box covered with burlap. 
Coarse scheelite is recovered at the head of the sluice and 
some fines are recovered in the burlap which is periodically 
washed. The recovery of scheelite by this process is 40 per­
cent. These mines are shallow, rarely more than 30 m deep.
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Primitive hoisting methods, water, and clogging by unhoisted 
waste limit the depth of mining.
The ore mined averages 2 or more percent of WO^. This 
means that they mine the ’'richest" part and leave the mar­
ginal ore untouched. Ore which is too hard and compact is 
not mined by the garimpeiro. Generally, the richer ores are 
associated with porous and fractured tactites.
The garimpeiro sells scheelite concentrate to the land 
owner at 25 percent of the local prices. The market price 
is 130 percent of the local prices. The land owner resells 
the product to the export companies at the local price.
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IV - COST ESTIMATING
A. Type-I, Mine-mill Costs
Type I should correspond to the biggest producing mine 
of the region - the Brejui mine. It is a 300 ton per day 
mine-mill complex operation. In order to differentiate the 
type of costs, the subject will be discussed under the head­
ings: Operating Costs and Capital Costs.
Operating Costs: The amount of the charges shown below was
taken from a Brejui financial cost statement in 1970. The 
exchange rate at that time was U.S.$ 1 = Cr$ 4.075.








The production in 1970 was 105,263 metric tons of ore, 
which resulted in 511 metric tons of scheelite concentrate 
(with 73-7% WO^ content). Three hundred and sixty-five men 
were employed during this period of time. One hundred and
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sixty five were in mining operations, 62 in the milling 
plant and the others in office and administrative positions.
Capital Costs: Estimates of capital costs for the scheelite
mill flow-sheet and mining operations were based on a 300- 
tpd mine-mill operation. These estimates were prepared for a 
gravity flowsheet, with both jigs and tables used to concen­
trate the scheelite. The equipment delivered costs were 
quoted at 120 percent of U.S. f.o.b. costs. The source con­
sidered for all equipment i-s- the United States. The U. S. 
Bureau of Mines project report prepared by R. H. Spencer 
under the auspices of the Ministry of Mines and Energy of 
the government of Brazil uses this same assumption for equip­
ment delivered costs (120$ of U.S. f.o.b. cost). Mine-mill 
costing is a tentative approach for computing the capital 
required for the Brejui mine. Useful power is calculated at 
U.S.$ 0.0062 per Kw. hr. Operation is based on a 300 day 




(Table A-l) U.S.$ 156,010












(200m x 164 $/m) $ 328,000
' Sublevels (600m x 164 $/lm) 98,400





Total Plant Cost (A)$l,876,420
Interest during construction (5% A) ____93,880
Sub-total for depreciation and deferred
expenses $1,970,300
Working capital (Larson, 1971, p. 62) 331,400
Total capital requirement $2,301,700
B. Type-II, Mine-mill Costs
This is a cost description of an underground tungsten 
mining operation with a mill tonnage rated at 150 tons per 
day (tpd). The costs are the major costs estimated by 
Mineracao Acauan (Mineracao Sertaneja - Brasimet) at the 
Barra Verde mine. These costs will be explained under the 
headings: Operating Costs and Capital Costs.
Operating Costs: Data for mine and mill operating costs
were obtained from the Mineracao Acauan project report. It 
was not necessary to update the data by using indexes because 
the report was written in 1970. For Brazilian operations the 
material or supply costs were increased 20 percent over.U.S. 
costs. The exchange rate used was 4.075 (U.S.$ 1.00 =
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Cr$ 4.075). Table B-l contains the project data, from which 
the below costs were determined. It is estimated that a 
total production of 2,708.3 metric tons of concentrate 
(scheelite concentrate averaging 0.70$ of WO^) during 5 
years will employ 330 men.
Annual fixed cost:
Total fixed cost (Table B-l) U.S.$ 3,143,462
Less: Depreciation 1,091,620
Remuneration  680 ,899
$ 1,370,943
Annual fixed cost:
$1,370,943 t 5 = 274,188
Annual variable cost;
3,304,528 (Table B-l) * 5 = 660,905
Annual operating costs (excluding
depreciation) $ 935,093
Capital Costs: The capital required for equipment in the
Acauan project report was based in some instances on Brazil­
ian equipment prices, and in others on foreign equipment
prices.- One hundred twenty percent of U.S. f.o.b. prices 
was the base for foreign equipment prices. The capital 
required- for vehicle shop, carpenter shop, offices, and 
auxiliary installations was also computed. The total cap­
ital required was U.S.$ 2,269,665 (Table B-l). This situa­
tion represents the capital required for reopenings of old 
mines with deep ores.
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C. Type-Ill, Mine-mill Costs
This type is a small underground operation with a gravity 
mill. The mining rate averages 50 tpd and the mill recovers 
70% of the WO^ content. The Cafuca mine, Bodo mine, and 
Malhada dos Anglcos mine constitute examples of this scale 
of operation In the region. These costs will be explained 
under the heading: Operating Costs and Capital Costs.
Operating Costs: Data for mine and mill operating costs
were obtained from various unpublished reports prepared 
under the auspices of the Ministry of Mines and Energy of 
the Government of Brazil and the Agency for International 
Development, U.S. Department of State (Wendel, C., 1969, 
Economic Appraisal of Tungsten Deposits - Merwin, R., 1970, 
The Tungsten-molybdenum Report). A total labor force of 
150 men, including mine, surface, shop, and mill workers, 
was' assumed.
Labor:
150 men at $3 per day, 300 days per year U.S.$ 135,000
Supplies and power (60—40 basis)
5*45 $/ton, 50 ton/day, 300 days/yr 81,750
Overhead:
50 percent of labor and supplies 108,375
Total costs (excluding depreciation) U.S.$ 325,125
Capital Costs: Th6 capital required for equipment for the
processing plant was based on an ideal plant size of approxi­
mately 50 tpd capacity (Pig. 3, chapter III). Material costs
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were Increased 20 percent over U.S. costs. Labor costs were 
estimated at 50 percent under U.S. labor costs. Capital for 
mining operations was based on an estimate of the equipment 
required; estimated costs were obtained from Larson (1971, 
p. 16, 17) and increased 20 percent over U.S. material costs.
Mill (Table C-l) $ 185,210
Mine:
mine plant and equipment (Table C-2) $ 160,680
mine property acquisition 20,000
mine development
Crosscuts and drifts (350m x 164$) 57,400
Raises (100m x 110$) 11,000
68,400
Sub-total 249,080 $ 249,080
Shops and auxiliary installations 80 ,000
Total plant costs (A)$ 514,290
Interest during construction (5% A) 25,700
Sub-total for depreciation and
deferred expenses $ 539,990
Working Capital 50,000
Total Capital Requirement $ 589,990
D. Type-IV, Mine-concentration Costs
The "garimpeiro operations" correspond to this type of 
costs. These operations consist of rudimentary mining and 
milling methods. The miners, "garimpeiros," are equipped 
with a pick and shovel. They do not have access to dynamite.
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They dig irregularly shaped pits 4 to 5 m long along the 
strike of the tactite ore layer and as much as 20 m deep. 
Concentrating the scheelite is done by crushing with a 
sledge hammer, hand jigging, and a sluice box.
For calculation purposes data were based on 6 men work­
ing together in a narrow vein (30-50 cm); 2 in the pit, 1 
hoisting, 2 at sluice box, and 1 concentrating with a pan 
(bateia). The improved subsistence wage for a miner 
(garimpeiro) in the region represents earnings of at least 
U.S. $2.00 per day.
Output of ore daily is 1.2 tons per 6 man crew.
The production per man day is: = 0.20 ton/man/day.





The value of tungsten is based on WO^ contained in con­
centrates. A short ton unit is 1 percent of 1 short ton 
(2,000 pounds) or 20 pounds, and it contains 15.86 pounds of 
tungsten metal. In London the price is based on metric ton 
units (22.046 pounds) of WO^ contained.
Because tungsten deposits are fairly widely distributed, 
and many are low grade and worked only in times of high 
prices, the supply tends to be irregular and markets alter­
nate broadly between scarcity and surplus. Ore prices have 
fluctuated widely since 1925. The variation has been from 
$7.50 to $80 per short ton unit of WO^, during this period. 
Reflecting its critical importance to industry, tungsten 
production, consumption, and prices have always been very 
sensitive to changes in economic conditions, and especially 
to increased demand in time of war.
Eighty percent of the Brazilian output is exported to 
Europe and only about 20 percent is consumed internally.
The market price for this analysis should be for the European 
market, but it is necessary to understand the United States 
Government sales policy and its effect on world prices.
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In the United States to imports, consumption, and exports 
from 1925 through 1969. The prices correspond to average 
prices per unit of WO^ f.o.b. from U.S. mines. We can see 
that these figures are characterized by widely fluctuating 
demand, production, and price levels. During the period of 
World War II, 1939 to 1945* the imports showed a big 
increase for consumption, which stimulated an increase in 
price to $25 per unit. After the war, prices went down a 
little. When the Korean hostilities began, the prices moved 
up until they were over $60, and the United States imported 
large quantities to guarantee its strategic stockpile pro­
gram. This program continued from.1951 through 1956. The 
maximum annual amount imported was almost 30,000 short tons 
of concentrate in 1953. After 1956, imports went down to 
2.5 thousand short tons in 1961, and prices followed that 
decrease. The U.S. domestic shipment line followed a little 
below the consumption line, except for the period 1952-1957 
(Korean War) when domestic production, motivated.by high 
prices and the U.S. stockpiling program contracts, exceeded 
consumption. There has been a tendency toward gradual reduc­
tion of imports since then and a recent increase in exports. 
The exports are predominantly from U.S. stockpile releases, 
and do not indicate any surplus of production over consump­
tion. Consumption has been increasing steadily in the past 
five years, and an annual growth rate of 4.2 and 5.6 percent 
is forecasted (Griffith, 1970, p. 410) during 1968-2000.
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The price of tungsten in the United States is getting firm 
and in a strong position for the 1960-1970 period. The 
expansion of traditional uses, new applications development, 
and the industrial production progress of tungsten all 
influence the recent price increase. The U.S. domestic 
price, f.o.b. milling point, was about $43 in 1969.
Pig. 5 shows the tungsten average price pattern during
the past 15 years. Prices are shown from two markets,
Europe and the United States. In the United States market 
there are two kinds of price: New York - EXTERN and New
York - INTERN. New York Extern means the price in the open 
market, c.i.f. U.S. ports, duty extra, and is plotted for 
the period from 1955 to 1965. In 1966 the General Services 
Administration (GSA) started a new policy to sell stockpiled 
material. New York Intern means the prices established by 
GSA policy sales after 1966 and corresponds to the price on 
all off-the-shelf basis, sale to be restricted to domestic 
consumption. The price is officially quoted in Metals Week 
magazine. The price on sealed bids on GSA material for 
exports, from 1966 to the present, is reported sporadically 
after the sales and is not plotted in Fig. 5. The London 
Metal Bulletin (LMB) quoted the European price in shillings 
per long ton unit of WO^ until Jan. 11, 1971. After Jan. 11,
the LMB quotation changed to h (pounds sterling) per metric
ton unit.
























There is almost no difference in the LMB and New York 
quotations from 1953 to 1966. Seven hundred mines were pro­
ducing ore in the United States in 1955. This large number 
of mines was a result of the Strategic Stockpiling Program. 
Rising prices and demand led to a major expansion in world 
production, which caused a serious oversupply, accentuated 
in 1957 by the completion of U.S. government contracts 
(cessation of stockpiling programs). The price went down to 
a minimum of $7.50 in New York and 60 shillings in London in 
July 1958. This low level caused many producers to suspend 
or curtail operations, and a future decline in free world 
production took place. Only two mines continued to operate 
in the United States.
Production was less than consumption in early 1959.
The demand for tungsten was going up again, the level of 
steel production had increased, and an outlook of increasing 
consumption was forecasted. The price lifted to $20 in i960. 
It was a good year for the U.S. tungsten industry and two 
mines reopened.
The outlook was not so good in the beginning of 1961 
because the offers exceeded demand in Russia, and China 
began to offer material at lower prices. The world depended 
on the communist countries for a large part of its supply in 
1962. The heavy offering of Russian and Chinese material, 
the gradual completion of U.S. stockpile contracts, resump­
tion of shipments from Korea, and disposal of the United
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Kingdom stockpile caused an oversupply and the price went down 
again to 60 shillings per l.t.u. ($7.5 per s.t.u.) in the 
middle of 1963.
Late in 1963, the flow from E. Europe, China, and N.
Korea dried up. New supplies declined when the demand for 
the steel industry was picking up rapidly, and prices began 
to increase again. There were rumors of reduced output in 
China and an increase of consumption in 1964, but people 
were afraid to expand output because of uncertainty of the 
communist supply and of U.S. stockpile release. The price 
continued to go up during 1964.
New uses for tungsten in industry made the consumption 
increase more and more. The prices continued to increase in 
1965 and the upward trend was interrupted twice in the year, 
in March and September, due to U.S. stockpile concentrate 
release. The price followed the trend after sales and con­
tinued to increase.
The principal reasons for erratic fluctuations of world 
prices for tungsten concentrate from 1955- through 1965 were 
the government stockpiling of tungsten, and the potential of 
mainland China to supply substantial quantities of tungsten 
to Western Europe. By 1966, 60 percent of the world produc­
tion was from Communist countries, and the market fluctuation 
had to be stopped. The United States, in March of 1966, 
decided to begin a sales policy of releasing material from 
its stockpile on an off-the-shelf basis of $43 per short ton
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unit of WO^. World prices have been relatively stable since 
then, and the European prices oscillated around $43.
There has been a technological explosion for uses of 
tungsten during the last few years, namely for the missile 
industry and for space vehicles. Tungsten was no longer a 
war metal in 1967s and there was increasing stability in 
the market with new trends toward increasing production. 
Significant changes in rules of marketing occurred due to 
GSA material released at a fixed price, development of 
Japanese industry, and advances in technology.
Throughout 1968 the U.S. price of tungsten ore and con­
centrate was quoted at $43. The GSA (General Services 
Administration) sales policy continued to have a stabilizing 
effect on the world tungsten price which had been subject to 
extremely wide fluctuations prior to its inception in 1966. 
The stockpile sales were about 3.2 million pounds of tung­
sten. Twice during the year, in May and October, the 
European (London) price fell in anticipation of the Canton 
(China) Trade Fair. However, in both cases, as in previous 
years, very little tungsten was reportedly purchased at these 
fairs, and the price quotations were quick to respond.
The almost inexhaustible available quantity of U.S. 
stockpile was wiped out in 1969. China cut off its selling 
and the economic boom in the U.S., Europe, and Japan 
occasioned a drive into the Western market. The activity
was so great that by mid-December the GSATs 33.3 million lbs.
/
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of tungsten were sold by the Defense Production Act Inventory 
(DPAI). This corresponds to the largest annual amount sold 
from the U.S. stockpile. On Dec. 5, 1969, the material was 
sold at the old $43 price, but with more stringent penalties 
and on a restricted basis, for domestic consumption only.
The concentrates purchased from GSA under this program could 
be up-graded and then exported. The LMB began its historical 
rise just about when the GSA availability was depleted 
(December 1969).
This situation forced the European price up to a point 
where it was possible to buy U.S. stockpile ore at $43 and 
ship it to Europe. In the beginning of 1970, the United 
States restricted the GSA ore for domestic supply at $43.
The European market reached its highest price in February- 
March, 1971 (almost $80/s.t.u. - 747 shillings per l.t.u.).
In April, the market was in limbo (512 shillings) awaiting 
Red China and the Canton Trade Fair. In May, the prices 
grew firmer again because neither the Chinese nor the United 
States sold any material. The LMB market was poised around 
710 shillings for GSA decision. Sale of U.S. stockpiles led 
to a change in N.Y. prices from $43 to $52.50 by mid-1970 
and still retained the restriction for domestic consumption. 
The LMB moved down until October 19, when it reached a medium 
price of 535 shillings. The absence of consumer interest 
during this period is partly attributed to the upcoming 
Canton Trade Fair in October, and partly to the expectation
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that GSA would give approval to export. After the Canton 
Pair, both countries revised their policies. The United 
States established a GSA’s $55 shelf price for domestic 
material, and exportable material on a sealed bid base with 
a floor bid of $55. The Chinese offered tungsten at 600 to 
650 shillings in small amounts. These were the basic reasons 
for the firm price at the end of 1970. On Dec. 21, 1970, 
the London price was 580-605 shillings per l.t.u.
Beginning in 1971 * the European market changed to a new 
quotation method - pounds sterling per metric ton unit. The 
first reduction in the price of wolfram on the London free 
market took place in February. Though demand remained strong 
there were various indications of lower prices. These 
included the development of increased output in America and 
Australia, encouraged by the high return as well as attempts 
by consumers to use as little of the metal as possible at 
the prices then current. Throughout the first semester of 
1971 prices tended generally downward. Demand was at rather 
a low ebb, reflecting economic conditions", while consumers 
were reported to be well stocked. The London prices 
decreased from L 28.90-29.80 in January to a minimum of 
L 16.4-17.9 in August 30. Since then, prices tended gener­
ally upward, and should continue until the end of the year. 
The LMB quoted L 19-20.75 in Oct. 11, 1971. If this upward 
trend continues London prices will go beyond the actual New 
York - intern prices ($55).
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Tungsten consumers of the world are presently dependent 
on both GSA and China, and not, as in the past, only on China. 
The forecast for the next few years seems to depend on the 
Chinese offerings and U.S. stockpile releases. Although the 
U.S. stockpile is four times higher than the strategic 
reserve objectives, some mineral economists are opposed to 
disposal of government stockpiles since domestic mineral 
reserves appear to be less than a 1.5-year supply (American 
Metal Market, 1970, p. 177). Unfortunately, we cannot sub­
stantiate the Chinese offerings with statistics. China will 
sell for realistic prices, maybe near the present $55 price 
(New York for U.S. market-present price).
For our purposes, three price projections seem desirable 
for the next 5 years (Fig. 5). high $55/s.t.u., medium $45/ 
s.t.u., and low $35/s.t.u. During this period limited sales 
of stockpile surpluses will continue to stabilize the U.S. 
market. It is predicted that the GSA will be out of business 
in three to five years from now (Ratzker, 1971, p. 150), and 
in the absence of greatly increased offerings from China 
prices should quickly respond to the resumption of economic 
growth in the U.S. and elsewhere. The real future depends 
on export policies of Communist China, now in a position to 
dominate the market. China produces 25 percent of world 
supply and is sitting on some 80 percent of the world's known 
tungsten deposits.
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There is a need for an International Committee to 
stabilize the market price. The United States is trying to 
stabilize the domestic market by releasing U.S. stockpile 
(GSA) material. This policy has affected only the U.S. 
market. The London prices still fluctuate widely.
B. Supply-demand Profile
The Northeast Brazil scheelite province produced 31 mil­
lion pounds of tungsten during the 27-year period 1943-1969. 
Very few mines in the region have been and are still respon­
sible for almost all of the production, despite the great 
number of "garimpeiros” (small operations) at work during 
high price periods. Brejui mine and Barra Verde mine in 
Currais Novos, Rio Grande do Norte, account for 56.7 percent 
and 26.3 percent of the total production, respectively.
During the 9-year period 1961-69, Brazil produced 7.908 
million pounds of tungsten (3,587 metric tons of tungsten - 
UNCTAD, 1971, p. 9), exported 7.066 million pounds, and con­
sumed only 842 million pounds (about 10.7 percent of its 
production).
World production of tungsten concentrates during 1969 
was about 69,620 thousand pounds of contained metal. China 
has great reserves and is the world’s largest ore producer. 
China, Russia, and North Korea produce nearly 50 percent of 
the world supply. Pig. 6 introduces the world supply-demand
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profile for 1969. The major producer in the free world is 
the United States with 9.7 million pounds, followed by South 
Korea 4.6 million pounds, Bolivia 4.1 million pounds, Canada
3(03 million pounds, Australia 2.6 million pounds, Portugal 
2.6 million pounds, Brazil 1.5 million pounds, Peru 1.3 
million pounds and Japan 1.2 million pounds. Except for the 
United States, Japan, and Canada, the other countries have 
been net exporters of tungsten concentrate. The U.S. stock­
pile release is changing this policy and the United States 
is showing a tendency to be a net exporter in recent years. 
The total production of the free world is 34.9 million pounds 
of contained tungsten. The Soviet Sphere countries (USSR, 
China and North Korea) produced 34.7 million pounds of 
metal. The total production of tungsten from ore and concen­
trates in the world was 69.6 million pounds in 1969. The 
actual total supply is given by the addition of U.S. stock­
pile release - 38.3 million pounds (Metals Week, March 30, 
1970, p. 23) - to the world production, and we have: 6.9.6
+ 38.3 = 107.9 million pounds of tungsten metal.
Annual consumption has been highly cyclical over 40 
years with peaks during World War II and Korean "police 
action." The Vietnam war probably had little effect on 
demand, helped by the industry improvement. World consump­
tion of tungsten during 1969 was about 63 million pounds of 
contained metal. The United States is the largest consumer 
of tungsten in the free world - 12.7 million pounds.
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USSR consumed 13*5 million pounds of tungsten, the largest 
amount in the world, in 1969. By comparing the consumption 
figures with the import data in Fig. 6 we conclude that the 
United Kingdom, Germany West, Japan, Austria, France, and 
Sweden are net importer countries. These countries should 
constitute a good market for Brazilian tungsten. The United 
States consumes more than it produces and over the years it 
has been traditionally an importer of tungsten ore to make 
up the gap between domestic consumption and production.
Since the inception of the GSA sales program (1966), the 
import figures have declined substantially, and it must be 
assumed that they will be down to virtually nothing in 1971. 
At the same time, because of the GSA, the export figures 
have continually risen from about zero in 1966 to about 7 
million pounds of tungsten in 1969.
The Free World consumption was about 40.8 million pounds 
of tungsten in 1969. The total world consumption was about 
63 million pounds. The overall comparison of the 107-9 
million pound supply with the 63.0 million pound demand 
doesn’t show any tight supply for tungsten in the world.
But it doesn’t reflect the real situation in Free World 
countries. The 40.8 million pound free world demand exceeds 
the 34.9 million pound free world production. Generally 
tight supply exists when there is a shortage, or almost no 
available amount, of the material released by the Chinese 
or by the. U.S. stockpile for exports. This situation
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occurred In late 1969 and the European market prices sky­
rocketed and Induced the reopening of old and low grade 
mines In the world to Increase the supply In 1970. When the 
prices are high, the Chinese and U.S. governments can sell 
their stocks at high prices.
There is the danger of overproduction of tungsten after 
this unrealistic short period of increased demand. This 
danger of overproduction is caused by the mines that are re­
opening and the supply from Chinese and U.S. stockpiles.
This would cause another drop in prices, and the subsequent 
closing of mines should occur. As a response for this 
instability of prices and demand, the small producing export 
countries such as Brazil do not feel any security in invest­
ing in big mine operations. A United Nations Committee on 
tungsten (UNCTAD) has been concerned with matters of pro­
moting world ore price stability, but it seems to be worried 
only when prices decline.
Brazil has exported tungsten concentrates mainly to 
Belgium-Luxembourg, Prance and Netherlands during the period 
1963-68 (Table I). Japan, Austria and Sweden should cor­
respond to most of the export figures in the other countries 
data in Table I.
C. Forecasts on Demand
The world consumption of tungsten is outgrowing world 
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tungsten consumers of the world are presently very much 
dependent on any action by the GSA, and not as in the past 
only on China. It is predicted (Ratzker, 1971, p. 150) that
GSA will be out of business in three to five years, and the
rumors about the lower production and sales in China are; 
that they are stockpiling for war; that they don’t have the 
material; that their internal consumption has increased; etc
The demand for Brazilian output comes mainly from
European countries (see Table I). Brazil consumed only 10.7
percent of it’s production during the 1961-69 period. The 
supply of tungsten from mainland China and the USSR to the 
East European countries has remained substantial because, 
except for Portugal, they have small or no production.
The U.S. Bureau of Mines did a study on demand for 
tungsten and correlated it with a forecast of steel produc­
tion in the industrial countries of Europe, Japan, and USSR 
(Griffith, 1970, p. 410). In this study they obtained a 
range of 110 to 140 million pounds in demand for.tungsten 
in the rest of the world in the year 2000, which represents 
average growth rates of 2.1 and 2.9 percent annually for 
1968-2000. This outlook was obtained by correlating tung­
sten consumption with a forecast of steel production. These 
forecasts are plotted in Fig. 7. The United States demand 
is expected to increase at rates of 4.2 and 5*6 percent 



















































































Based on these forecasts, total world maximum cumula­
tive demand from 1968 to 2000 exceeds the world reserves. 
World prices are likely to increase as cumulative demand 
approaches the quantity of known resources. There is a hope 
that new discoveries will occur particularly from Australia, 
Canada, and South America to provide the supply required.
In the meantime, Belgium-Luxembourg, France, Germany, 
Netherlands and Sweden should import more tungsten from the 
Northeast of Brazil.
D. Reserves
•The world reserves of tungsten were reported by Stevens 
(Bureau Mines Bull. 630, p. 1001) at about 174,350 thousand 
short-ton units of WO^ in 1954, equivalent to about 2,761,400 
thousand pounds of tungsten content. Griffith (1970, p. 403) 
states that for the "rest-of-the-world” (excluding the United 
States), tungsten reserves have been estimated by the U.S. 































(*) Argentina, France, Japan, Laos, Mexico, North Vietnam, 
Peru, Southern Rhodesia, Spain, Thailand, and the 
United Kingdom.
Larson (1971, p. 9) in.a recent U.S. Bureau of Mines 
tungsten availability report in the United States computed 
the supply curve. There are about 190 million pounds of 
tungsten available at $63 per s.t.u.
The major deposits of tungsten in the Northeast of 
Brazil are related to scheelite-bearing deposits. The number 
of deposits and occurrences in the region is in the range of 
250 to 300. The "Ministerio das Minas e Energia" has started 
an examination of these deposits since 1970, and in 1969 
supported the exploration of "Brejui Mine", the largest mine 
in the region, by an agreement program to help the private 
companies in that area. Most of the data used in Table II 
come from that source.
Since detailed reconnaissance studies of individual 
deposits by the Ministry of Mines and Energy (of the Govern­
ment of Brazil) staff are continuing, some limited data on 
reserves from Pierre Laurent Roy were used to complete the 
potential in the Northeast of Brazil (Farina, 1970, p. 51)
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TABLE II - List of deposits and distribution of tungsten 
reserves in Northeast of Brazil










Santo Amaro Rio G. Norte Angicos W V W
Cabugizinho It it V w W
Sub total It »t 112,500 1,809 1,384
RiachSo & Umbuzeiro It Santana do W W V
Mina do Galo tf Matos w W V
Bodo It it T w w
Cafuca It tt W w w
Sub total n tt 448,000 10,351 7,591
Cagador n Lages V W V
Caveiras N it V W W
Sulista I ft •t V W V
Quei roz It n V w w
Bonfim I and II It it V w w
Am.'and Pta. Serra •1 ti V V w
Amarante II tt w w w
Sub total II it 263,140 5,554 3,530
P090 dos Cavalos n Cerro Corfi W W V
Recanto it It V W V
Chupador I it m V V w
Chupador III 11 n V V V
Barra Azul I •t tt V V V
Barra Azul II it ti w V
Tipoia «i •t V w w
Sub total n n 44,850 1,384 553
Areias it Carnauba dos W W W
Sub total it Dantas 6,300 77 31
Ualhada Limpa it C u m  is Novos W W W
BoqueirSo it it V V V
Quixabeird-West 11 w w w w
Riacho Fechado tt «t V V w
Brejul I it n V W ■ w
Barra Verde n it V w w











Catolg II . . •• M w w
Gupiara n tt V w w
Mulungu e Pedra Preta ti flf V V w
Matinha ^Baixo tt ft V V w
Jiriguagu •t ft V w w
S. Boa Ventura 11 ft V w V
Fechado tt Iff V V V
Pedra Preta de Baixo it tt V V V
IngS de Sta. Luzia tt tf V V V
Oiticica tt tt w w
Serra dos Louros ' «• tt w w w
Sub total •t tt 639,460 10,237 7,826
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TABLE II - (continued) - List of deposits and distribution
of tungsten reserves in Northeast 
of Brazil










Umarizeiro Rio G. Norte S9o Vicente W W W
Sub total tt It 180,000 157 125
Faz. S3o Roque tt Ouro Branco W W W
Sub total tt tt 400 21 8
Juazeirinho tt Acarf W W W
Machado tt tt W W W
Sub total tt tt 37,200 472 189
Tanques do Caiti tt Jardim Seridfi W W W
' Sub total tt tt 154,000 1,346 942
Olho d*Agua do Teixeir, tt C.do Rio\fentos W W W
Bela Vista tt tt w W W
Sub-total tt tt 9,200 170 67
Pindoba Mazag*o tt SSo Rafael W W W
Machado tt tt V W w
Pogo da Oiticica I tt ft V W V
Cajazeiras tt tt V W V
Floresta tt tt w W V
Caiqarinha tt tt w W ir
Boca da Onqa tt tt w W w
Sub total tt tt 863,100 10,481 8,276
Agua Fria tt Jucurutu W W W
Colbnia tt tt W W V
Saco S. Vicente I tt tt w tr w
Quixaba tt tt w w w
Morada Nova tt tt V w V
RiachSo tt ft w w w
Bonito tt tt w w w
Sub total tt tt 964,300 12,022 9,210
Braz tt Jardim das Pi­ W W W
Reforma tt ranhas » W
Sub total tt tt 550,000 4,371 3,234
Ferreiro tt S* Fernando W W W
St. Clara 11 tt tt W W V
Serrote tt tt V W W
Vassouras tt tt V W V
Carneiro tt tt w w W
Sub-total tt t» 695,000 6,898 5,243
Quixaba tt S.JoSo Sabugi w W W
Riacho das Fedras tt tf w W W
Sub-total tt tt 250,000 2,985 2,089
Umburana tt Serra Negra w W V
Velosa it tt w W W
Sub total tt tt 375,000 4,699 3,475
llmbauba Parafba Rcho.Cavalos W W W
Sub total *• n 2,700 47 19
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TABLE II - (Continued) - List of deposits and distribution
of tungsten reserves in Northeast 
of Brazil








Belmonte Paralba Bomba 1 W W W
Sub total tt t« 7,500 42 17
Gatos tt Sflo Mamede W W W
Sub total «l  ̂ tt 125,000 1,639 1,147
Malhada Vermelha tt S.Jos€ Sabugi W W W
Sub total tt tt 300,000 3,934 3,147
Timbauba de Cima tt Frei Martinho w W W
Sub total ft tt 90,000 1,574 1,102
Serrote Redondo It Pedra Lavrada W W W
Serra das Flexas tf n w w W
Sub total tt n 52,200 300 132











Sub total tt tt 36,000 252 101
Lagamar tt Nova Palmeira w W w
Sub total tt tt 12,000 105 42
Bom Acbrto I Ceard Solbnopole w V W-
Nova Aurora tt w w w
Sub total 6,075 73 29
Caroba tt Alto Santo W W W
Sub total It »i 12,000 629 251
GRAND TOTAL 9,208,665' 130,048 97,791
V Withheld to avoid disclosing confidential data.
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In Table II.
About 97.8 million pounds of tungsten are recoverable 
from 9.2 million metric tons of material. Eighty five 
deposits were selected from the 25.0 known deposits in the 
area. The other 165 deposits were not included because 
their estimates are considered by the writer to be more 
optimistic than available data warrant. The average grade 
is about 0.8 percent WO^. Table II is a list of the 
deposits, the state and "municipio" in which they occur, the 
estimated (inferred) reserves in metric tons, the thousands 
of pounds of contained tungsten based on an estimate of the 
grade of the deposits, and the thousands of recoverable 
pounds of tungsten based on the mill recovery by the actual 
technology in the area.
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VI - FINANCIAL ANALYSIS
This is a basic analysis, using information now avail­
able, of the economics of the mining-milling operations for 
scheelite in Northeast Brazil. Cash flow statements were 
prepared for each type of operation, and the prices were 
determined. Part of the study was limited to a general 
examination of the cut-off grades and feasible limits of 
those deposits, based on costs estimated for four types of 
operation and on three price projections for tungsten con­
centrate in the European market. The rest of the study was 
a tentative approach to determine the supply curve of 
scheelite concentrate, based on classification of the 
resources in four types of operations and on the cost esti­
mates derived for each type.
A . Cash Flow
The annual cash flow was determined for three types of 
operation in Northeast Brazil. The data comes from chapter 
IV and a discounted cash flow rate of return (DCFROR) of 20 
percent per year was assumed. Future cost variations are 
not considered for these operations. The tungsten price 
increasing tendency is expected to offset any increase in 
costs. Even if costs increase a little faster than prices,
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the operations could still be profitable because of the high 
rate of return considered. The Brazilian income tax rate is 
primarily 30 percent, but when the annual cash flow exceeds 
the investment by more than 10 percent, the rate is 50 per­
cent. The rate used in the following cash flow computations 
is 50 percent. The Brazilian depletion allowance rate for 
tungsten is 20 percent of the gross revenue or 50 percent of 
the taxable income, whichever is smaller. The depletion 
allowance rate used in the following cash flow computations 
is 50 percent.
The straight line method of depreciation is generally 
used in Brazil and it was used in the following cash flow 
computations.
Type - I —  The life period for Type - I operation is 10 
years and the time value of money factors used were:
PRP,20it,10yr = l4-1925J and Fspj20%,10yr = °-1615
Annual Cash Flow (CF)
111_





2,301,700 = 4.1925 CF + 331,400 x 0.1615
CF = 536,238 (adjusted to 536,240 to facilitate
calculations)
Net Profit = NP 
Depletion Allowance = 2 NP
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Annual Depreciation = 1,970,300 r 10 = $197,030
536,240 = NP + 2 NP + 197,030 
NP = 113,070
The cash flow statement is prepared from the base (net
cash flow) to the top (revenue) to determine the price of
sale unit:
Net Cash flow $ 536,240
Depletion allowance (2 NP) (226,140)
Depreciation (197,030)
Net profit after tax 113,070
Income tax (50$) 113,070
Taxable income 226,140
Depletion allowance (50$) 226,140





Revenue from sales must amount to $1,338,545 annually, 
in order to provide capital recovery in 10 years and to pro­
vide for a 20-percent DCFROR. The annual production of 
scheelite concentrate (70 percent ¥0^) was 511 tons. The 
calculation of the selling price was as follows:'
1,338,5̂ 5 $ X t-'VT"-nnn1'!--------  x ^  X y°P,n'', 5 511,000 kg conc.. s.t.u. 0.7 ¥0^
= 33,80$/s.t.u. ¥03
Type - II —  The life period for type II operation is 5 years 
and the time value of money factors used were:
PfCp,20#,5yr = 2-9906, and F^ p j20%,5yr = O-1*018-
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Ann. Cash Flow (CP)
4
0 1 2 3 4
* Investment = $2,269,665
2,269,665 = 2.9906 CF + 232,082 X
$232,082 - working 
capital
CF = 727,751 
Net Profit 35 NP
Depletion allowance = 2 NP
Annual depreciation = $1,091,620 t 5 = $218,324.
727,751 = NP + 2 NP + 218,324 
NP = 169,809
The cash flow statement is prepared in the same way as 
the Type - I operation:
Net cash flow
Depletion allowance (2 NP)
Depreciation
Net profit after tax
Income tax (50%)
Taxable income 

















Revenue from sales must amount to $1,832,653 annually 
in order to provide capital recovery in 5 years and to pro­
vide for a 20-percent DCFROR. The total production of 
scheelite concentrate is 2,708,300 kg averaging 70 percent
WO^. The annual production is 5^1,’660 kg (2,708,300 t 5).
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The calculation of the selling price was as follows:
Type - III —  The life period for type III operation is 3 
years and the time value of money factors used were:
Depletion allowance = 2 NP
Annual depreciation = $539,990 t 3 yr = $179,997 
266,340 = NP + 2 NP + 179,997 
NP = 28,781
The cash flow statement was prepared as follows:
541,660 kg cone
9.07 kg „ 1 conc. 




(CF) A. Cash Flow
0____1____ 2____ 3
Investment = $589,990




Net cash flow $ 266,340
Depletion allowance (2 NP) ( 57,562)
Depreciation (179,997)
Net profit after tax 28,761
Income tax (50$) 28,781
Taxable income 57,562
Depletion allowance (50$) 57,562





Revenue from sales must amount to $620,246 annually In
order to provide capital recovery in 3 years and to provide 
for a 20-percent DCFROR. The annual production is 15,000 
tons of ore. The ore grade averages 1 percent WO^ and the 
mill recovery is 70 percent. The annual production in con­
centrate is 105,000 kg of WO^ (15,000 ton x 0.01 WO^ x 0.70
x 1000 kg/ton). The calculation of the selling price was as 
follows:
620’246$ X lOS.OOO^g wo3 x iw £ = 53 • 50$/stu wo3
Type - IV —  A cash flow analysis for the "garimpeiro" opera­
tion was not prepared because of the rudimentary methods 
used in the area. The revenue required per ton of ore was 
calculated in chapter IV (10 $/ton). One ton of ore averag­
ing 2 percent WO^ has 20 kg of ¥0^. The "garimpeiro" 
recovers 40 percent in concentrating the ore. Under these 
conditions, one ton of ore has:
1 ton ore = 20 kg WO^ = 8 kg of recoverable WO^.
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"Garimpeiro” sells WO^ concentrate to the land owner at 
25 percent of the local price. The land owner resells the 
product to export companies at the local price. The market 
price (European market) is about 130 percent of the local, 
price. The calculation of the market price to provide 10 
dollars revenue per ton of ore for the "garimpeiro" is as 
follows:
10$ x 8-~k~g~ W0^ x H f r r 2 x 0T25 x 1-30 = 58.90$/stu wo3
B. Revenue at Various Grades and Prices
In chapter V three price projections were established 
for the European market for tungsten concentrate: high
$55/stu of W03 contained; medium $45/stu; and low $35/stu. 
Table III shows the revenues at various grades and prices.
The range of grade in Brazilian deposits is about 0.2 to 3.0 
percent WO^. For the purpose of this study, it was not 
necessary to use grades higher than 4.0 percent. The calcu­
lations of data in Table III are exemplified below by using 
the first column ($55 price - 80% recovery) and the first row 
(0.1 percent grade) to determine the revenue:
55$/stu WOo x 2,204.6 lb/metric ton 
---------2g xb~/stu------------------- 6,062$/mt W03
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1 mt of ore at 0.1 percent ¥0^ = 0.001 x 0.80 
= 0.0008 mt of recoverable WO^
. . Revenue per mt of ore =
= 0.0008 x 6,062.65 = 4.85 $.
C . Cut-off Grades and Feasibility Limits
 ̂ Revenues at various grades and prices from Table III are
-plotted in Pigs. 8, 9, and 10. Dollars are shown on the
"vertical scale and the grades of crude ore are shown on the
horizontal scale. The revenues are plotted for the various
grades and are connected by three lines, one for each price
($55, $45, and $35).
Type - I total cost per ton of ore is computed from
Type - I mine-mill costs (see cash flow figures):
Cash expenses $ 689,235
Income tax 113,070
Annual depreciation (1970300 t 10) 197,030
Type - I revenue required per ton of ore is computed 
from the annual revenue $1,338 ,52*5 (see cash flow for Type - I 
operation) and the annual production of 105,263 tons of ore 
mined:
Total costs in 1970 $ 999,335
Total Cost per ton of ore: 999,335$ 105,263 ton = 9. *19 I/ton
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Type - II total cost per ton of ore is computed from 
Type - II mine-mill costs (see cash flow for Type - II opera­
tion) :
Cash expenses $ 935,093
Income tax 169,809
Depreciation 218,324
Total annual costs $1,323,226
Total cost per ton of ore: - A?3-̂ 3?226 $ = 29.40 $/ton^ 150 tpd x 300 d ■
Type - II revenue required per ton of ore is computed
from the total annual revenue, $1,832,653 and the annual pro­
duction of 45,000 tons of ore.
Revenue required = o~o~̂ ton = ^0*72 $/ton
Type - III total cost per ton of ore is computed from
Type - III mine-mill costs (see cash flow for Type - III
operation):
Cash expenses $ 325,125
Depreciation 179,997
Income tax 28,781
Total annual costs $ 533,903
Total costs per ton of ore: i|^Qo"Q~\ 'Qn's' = 35,59 $/ton
Type - III revenue required is calculated on the basis 
of the total annual revenue $620,246 and of the annual pro­
duction of 15,000 tons:
Revenue required: i^QQQ'̂ ons = 41.34 $/ton
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Type - IV costs per ton of ore are not calculated 
because "garimpeiro" operation conditions fluctuate widely. 
The major cost in this operation is the labor force which 
depends on scheelite prices and unemployment in that region. 
Therefore, the revenue required per ton of ore in chapter IV 
was calculated.
Revenue required: 10.00 $/ton
Fig. 8 shows the revenues at various grades and prices 
at 80 percent mill recovery, which corresponds to Type - I 
and Type - II mine-mill operations. The revenues at various 
grades and prices for Type - III operation, at 70 percent 
mill recovery, are represented in Fig. 9. The revenues at 
various grades and prices at 40 percent mill recovery are 
plotted in Fig. 10 for the market-prices of $55, $^5, and 
$35 per stu WO^ and for the "garimpeiro" revenues. The 
"garimpeiro" revenues were calculated as one fifth of the 
40 percent mill recovery, market price revenues.
The total costs per ton of ore and the revenue required 
for the four operations are plotted in Figs. 8-10 and are 
represented by horizontal lines.
The cut-off grade is defined in a similar way as the 
break-even point, which is the point at which there is no 
profit or loss. The cut-off grade serves as a base indicat­
ing how much of a grade of ore should be mined if a company 
is to operate without loss. The cut-off grades lie at the
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Intersections of the revenue and total-cost lines. There 
are three cut-off grades for each size of operation, cor­
responding to three different prices. The value of these 
intersections (cut-off grades) are shown on Table IV below. 
This analysis stresses the relationship between two factors 
affecting the profits in a mining venture, price and cut-off 
grade.
TABLE IV - CUT-OFF GRADE
(Grades in Percent WO^ in the Ore)
Type of Cut-off Grades at Various Prices*
Deposits $55 pstu $45 pstu $35 Pstu
Type - I 0.20 0.25 0.30
Type - II 0.60 0.75 0.95
Type - III 0.85 .1.00 1.30
Type - IV - -
*Values rounded to the next 0.05 percent.
The feasibility limits are determined much as are the 
cut-off grades. The feasible limits indicate how much the 
grade should be to pay the margin for a 20 percent discounted 
cash flow rate of return (DCFROR) on the investment. To get 
these limits, the required revenues per ton of ore are 
plotted in figs. 8-10 and are represented by horizontal 
lines. The feasibility limits lie at the intersections of 
the revenue and revenue-required lines. The values of these 
intersections are shown in Table V.
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TABLE V - FEASIBILITY LIMITS
(Grades on Percent ¥0^ in the Ore)
Type of Feasibility limits at various prices*
Deposits $55 pstu $45 pstu $35 pst~u
Type - I 0.25 0.30 0.40
Type - II 0.80 1.00 1.30
Type - III 1.00 1.20 1.55
Type - IV 2.05 2.55 3.25
*Figures rounded to the nearest 0.05 percent.
D . Supply Curve
Each resource listed In Table II (chapter V) was placed 
in the most appropriate production category type for actual 
conditions in Northeast Brazil. The general criteria con­
sidered for classifying the resources, in rank order of sig­
nificance, are: (1) required reserves of 600,000 or more
tons of ore for Type - I, between 600,000 tons and 150,000 
tons for Type - II, between 150,000 tons and 45,000 tons for 
Type - III, and less than 45,000 tons 'for Type -IV; (2) the 
grade of the ore should be 0.7 percent WO^ for Type - I,
1.0 percent for Type - II, 1.5 percent for Type - III, and
2.0 percent for Type -IV; (3) physical conditions and min- 
eralogical characteristics of the resource.
These resources were arranged in ascending order of cal­
culated selling price in Fig. 11. The selling prices in 
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the ordinate and the quantities of available pounds of 
tungsten (in millions) are plotted on the abscissa. The 
classification of the deposits totalled 14.569 million 
pounds for Type - I resource, 56.777 million pounds for 
Type - II, 23.013 million pounds for Type - III, and 3.432 
million pounds for Type - IV. The arrangement of these 
figures and the respective calculated prices permitted a 
series of rectangular blocks to be formed on the graph.
The supply curve was manually plotted in Fig. 11, by 
joining coordinates selected on the middle points along the 
tops of the rectangular blocks. This curve could be rep­
resented by a third degree equation regression curve.
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VII - CONCLUSIONS
Tungsten deposits in Northeast Brazil are classified 
into three types: (1) Type I: 200- or more-tpd mine-mill 
complex; (2) Type II: 100- to 150-tpd mine-mill complex;
(3) Type III: 25- to 50-tpd mine-mill complex; and
(4) "Garimpeiro” mine-concentration operation.
The minimum required reserves for each type are:
(1) Type I: 600,000 tons of ore; (2) Type II: 150,000
tons of ore; and (3) Type III: 45,000 tons of ore.
Using the $45 column in Tables IV and V for "cut-off 
grades" and "feasibility limits," the critical grades will 
be:
Cut-off Grade Feasibility Limit 
Type I 0.25 0.30
Type II 0.75 1.00
Type III 1.00 1.20
Type IV - 2.55
Analyzing the sensitivity variation of prices and crit­
ical grades, we can see that Type-IV critical grades are 
more sensitive to changes in price than Type III, and in 
the same way Type III more than Type II, and Type II 
more than Type I. For example, Type-IV feasible grades
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at $45 and $35 are 2.35 and 3 * 25; Type III are 1.20 and 
1.55; Type II are 1.00 and 1.30; and Type I are 0.30 and 
0.40. This means that a decrease In price from $45 to $35 
causes an increase of 0.70 (3.25 - 2.55) in Type - IV 
feasible grade, 0.35 (1.55 - 1.20) in Type - III feasible 
grade, 0.30 (1.30 - 1.00) in Type - II feasible grade, and 
0.10 (0.40 - 0.30) in Type - I feasible grade. The result 
of this conclusion is that small mines are very sensitive 
to changes in price. Actually, most of these mines close 
when the market price goes below $35 5 and a subsequent short 
supply will cause an increase in price. When prices are 
high, the small mines reopen and a subsequent surplus will 
decrease the price.
About eighty percent of the Brazilian output is exported 
to Europe and only 20 percent is consumed internally. A very 
few mines in the region have been and are still responsible 
for almost all of the production, despite the great number 
of ,,garimpeiros, at work during high price periods.
Brazil has exported tungsten concentrates mainly to 
Belgium-Luxembourg, Prance, Netherlands, Japan, Austria, and 
Sweden. The supply-demand study revealed the following net 
import countries: United Kingdom, Germany West, Japan,
Austria, France, and Sweden. These countries should con­
stitute a good market for future Brazilian output.
Because the market price for Brazilian output is mainly
in Europe', three prices were projected in the London Market
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(Fig. 5) for the next 5 years: high 55$/stu, medium 45$/stu,
and low 35$/stu.
During the last few years the free world tungsten sup­
ply has had discontinuous shortages in material released from 
the communist countries, which produce nearly 50 percent of 
the total supply. As a response, there is an instability of 
price and demand for tungsten, and small Brazilian mining 
companies don't feel confident for large investments.
Based on forecasts of the U.S. Bureau of Mines, the 
total world maximum cumulative demand for tungsten from 1968 
to 2000 exceeds the world reserves. There is hope that 
stabilization and an increase in price will provide incen­
tives for new discoveries, particularly from Australia, 
Canada, and South America.
The world reserves of tungsten are reported to be about 
2,800 million pounds of metal. China has about 75 percent 
of the total reserves. The Brazilian reserves were under­
estimated to be 40 million pounds.
The number of deposits and occurrences in Northeast 
Brazil is in the range of 250 to 300. Eighty five deposits 
were selected which total about 97.8 million pounds of 
tungsten recoverable from 9.2 million metric tons of ore.
The average grade is about 0.8 percent WO^. Most of the 
reserves are classified as "inferred", except for a few 
mines operating in the area. Based on these estimates, 
Brazilian reserves should be in fourth place, after China,
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the United States and South Korea.
The relationship of the quantity of tungsten in Brazil 
to the calculated price of contained WO^ per short ton unit 
in concentrate, may be expressed by the supply curve devel­
oped in Fig. 11. About 11 million pounds of tungsten are 
available at a calculated price less than the low price pro­
jection ($35). About 49 million pounds are available at a 
calculated price less than the medium price projection ($45). 
About 88 million pounds are available at a calculated prj.ce 
less than the high price projection ($55). The total 
estimated resources amounts to 97.8 million pounds available 
at a calculated price less than 60 dollars per stu.
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TABLE A-l - MILL COST SUMMARY, CRUSHING SECTION FOR
300-TPD FLOWSHEET - (U.S.$)
1970 DATA
120% US fob Costs 
Items Quantities Material* Labor* Total
Truck scale 1

















Total direct costs 
Field indirect (50% A)
Total construction 
Engineering (5% B) 





Design and consulting 
fees (55? D)




























*Adapted from Larson (1971, p. 59) and unpublished report 
of the MME (Minis-try of Mines and Energy of Brazil).
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SECTION FOR 300-TPD FLOWSHEET (U.S.$)
1970 DATA
120$ US fob Cost
Items Quantities Material* Labor* Total
Sampler 1 1,500 80
Belt conveyor 1 3,000 150
Vibrating screen 1 4,000 200
Flotation machine 4 2,900 140
Ball mill 1 29,000 1,500
Conditioner 1 1,700 80
Cyclone 1 3,000 200
Fine ore bin 1 4,200 200
Belt feeder 1 1,700 90
Hydraulic classifier 2 2,700 130
Pulp distributor 1 1,900 100
Shaking tables 12 25,900 1,300
Screw classifier 1 6,000 300
Sand dryer 1 7,200 360
Vibrating screen 1 1,100 60
Roaster 1 1,800 90
Screw conveyor 1 2,000 100
Magnetic separator 1 20,300 1,000
Pumps 6 17,500 870
Jigs 3 13,700 700










in Brazil 48,860 46,860 95,720
Total direct costs 199,960 (A)54,510 254,470
Field indirect (50% A) 26,905
Total construction (B)281,375
Engineering (5$ B) ,14,000
Administration & Overhead (5$ B) 14,000
Subtotal (0)309,375
Contingency (10$ C) 30,935
Subtotal (D)340,310
Design & consulting fees (5% D) 17,000
TOTAL (in Brazilian costs) 357,310
^Adapted from unpublished report of the MME (1970).
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TABLE A-3 MINE COST SUMMARY, SURFACE AND UNDERGROUND 
SECTION FOR 300-TPD MINE (U.S.$)
1970 DATA
120# US fob Cost
Items Quantity Material* Labor
Front-end loader 1 48,000 —
Dump truck (7 ton) 6 50,400 -
Drill 1 24,600 -
Pick up trucks 3 10,800 -
Truck scale 1 9,000 570
Compressor 1 22,700 1,100
Ore bin 1 5,000 300
Underground Section
Mine cars 25 18,750 400
Hoist 6 7,000 360
Jackleg drill 15 18,000 -
Drill steels 180m 1,450 -
Drill bits 50 960 -
Hose 600m 3,600 200
Pumps 3 10,000 1,000












in Brazil 58,200 45,600
Total direct costs 




Engineering (5# B) 




Design & Consulting Fees (5# D)













^Adapted from unpublished report of the MME (1970).
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TABLE B-l - SUMMARY DATA OF THE MINERACAO ACAUAN
PROJECT REPORT - 1970
Capital Investment:










Total US$ 3,143,462 US$ 3,143,462
Variable Costs: 3,304,528
TOTAL COSTS (for the entire 5 year project) US$ 6,447,990
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TABLE C-l - MILL COST SUMMARY FOR 50-TPD PLANT
(U.S .$) - 1970 DATA
120$ U.S. fob Costs
Items Quantities Material* Labor*
Coarse ore bin 1 1,200 60
Apron feeder 1 4,560 230
Grizzly 1 240 -
Jaw crusher 1 6,960 350
Belt conveyors 2 3,360 170
Sampler 1 1,560 80
Vibrating screen 1 1,080 50
Crushing rolls 1 5,280 260
Fine ore bin 1 1,080 50
Feeder 1 1,560 80
Jig 2 2,040 100
Rod mill 1 11,280 560
Initial rod charge - 1,200 60
Cross-flow classifier 1 4,440 220
Hydraulic separator 1 1,200 60
Concentrating tables 4 11,160 560











in Brazil 32,400 29,000
Total direct costs 97,440 (A)32,230
Field indirect costs (50$ A) 
Total construction 
Engineering (5% B)




Design & consulting fees (5% D)














‘Adapted from Larson (1971, P- 18-19) and unpublished report
of the MME (1970).
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TABLE C-2 - MINE COSTS FOR 50-TPD MINE
(U.S.$) - 1970 DATA
Items
120% U.S. fob Costs 
Quantity Material* Labor** Total
Hoists (small) 3 12,000 650
Electric motor 3 3,000 150
Wire rope 1 480 20
Mine cage 1 1,560 80
Headframe 1 6,360 300
Sheave 1 840 40
Compressor 1 18,400 900
Truck (7 ton) 1 8,400 -
Mine cars 10 4,800 -
Jackleg drills 7 8,000 -
Drill steels 120m 960 -
Drill bits 30 600 -
Hose 1 960 -












Construction Costs 20,300 19,300
Total direct costs 93,980 (A)21,700
Field indirect costs (50% A)
Total construction
Engineering (5% B)




Design & consulting fees (5% D)













*Adapted from Larson (1971, p. 16) and unpublished reports 
of the MME (1970).
**Adapted from unpublished reports .of the MME (1970).
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